A new colorimetric method for the estimation of plasma paracetamol was slightly modified and compared with a standard spectrophotometric method. Good correlation and no significant difference was found between results by the two procedures, Precision, accuracy, and recovery by the colorimetric method were acceptable. Several drugs were tested for interference in the colorimetric method. Some sulphonamide preparations potentially interfere. On the other hand it is less susceptible than the spectrophotometric method to interference by certain other drugs.
The increasing incidence of self-inflicted paracetamol overdosage and the uncertainty as to the desirability of treating such cases with cysteamine (Prescott et al., 1974; Douglas et al., 1976) have resulted in clinicians requiring facilities for plasma paracetamol estimation to be available at all times. Hence an increased burden has been placed on the clinical chemistry laboratory to provide this service.
The method of estimation most commonly employed has been the differential absorbance procedure of Routh et at. (1968) , largely because of its relative specificity. However, some drugs have been shown to interfere in this estimation (Wiener et al., 1976) ; it also involves several extractions and manipulations and it is usual to scan the final extracts on a spectrophotometer.
Recently a quick colorimetric method has been described (Glynn and Kendal, 1975) , based on a procedure for estimating the drug in pharmaceutical preparations (Chafetz et al., 1971) . This involves removal of the plasma proteins by precipitation with trichloroacetic acid, followed by nitration of the paracetarnol to give a yellow product, which is convertedto a more intense orange colour by addition of alkali. In view of the apparent advantages of speed and simplicity inherent in this method it was decided to assess its suitability as a replacement for thedifferential absorbance method in this laboratory.
Paracetamol estimation
(1) Differential absorbance method 2.0 ml of plasma was shaken for 3 min. with J 5 g of solid sodium chloride and 15 ml of diethyl ether in a stoppered centrifuge tube. 2.0 ml of a paracetamol standard solution (1323 }Lmol/l) and 2.0 ml water, as a blank, were similarly treated. After centrifugation 10 ml of the ether extract was pipetted off into a second tube and shaken for 5 min. with 4.0 ml of 47.6 mmol/l (0.4%) sodium bicarbonate solution. The tubes were centrifuged again, the ether layer was discarded, and one drop of 6 mol/l hydrochloric acid added to the aqueous phase. 1.5 ml of the acidified extract was transferred in duplicate to test-tubes. To one set of the duplicates was added 1.5 ml of water and to the other 1.5 ml of 0.25 mol/l sodium hydroxide solution with mixing.
The differential extinction spectrum of each alkaline extract was recorded against its corresponding acid extract using a Unicam SP 1800 spectrophotometer, scanning from 190 nm to 340 nm. The paracetamol concentration of the test plasma was derived by comparing its extinction at 266 nm with that of the standard, after subtracting the extinction of the blank from both.
(2) Colorimetric method 1.0 ml of plasma was added to 2.0 ml of 0.61 mol/I MATERIALS AND METHODS (10%) trichloroacetic acid in a test-tube and mixed thoroughly. 1.0 ml of paracetamol standard solution
Blood samples
(as above), 1.0 ml water as a blank, and 1.0 m1 of a paracetamol-negative serum were treated similarly. Venous blood samples were obtained from patients In practice Equitrol horse serum was routinely used suspectedof having taken an overdose of paracetamol as the negative serum (Tissue Culture Services Ltd., and were collected in lithium heparinised tubes. Slough, Bucks, England). The test-tubes were Plasma from these was' subjected to paracetamol centrifuged. Meanwhile an equal number of boiling estimation by each of the methods described below. tubes (22 x 150 mm) was prepared, and to each 1.0;" 55 m1 of 6 mmol/l hydrochloric acid was added, followed by 2.0 ml of 1.45 mol/l (10%) sodium nitrite solution. 2.0 ml of supernatant was transferred from the first set of tubes to the boiling tubes. The contents of these were mixed and allowed to stand for 2 min. before carefully adding 2.0 ml of 1.55 mol/l (15%) sulphamic acid, followed by 5 ml of 2.5 mol/I sodium hydroxide solution, the contents being mixed once again. The extinctions of the solutions were read against water at 430 nm using a Unicam SP 600 spectrophotometer, Results were calculated from the formula:
The value obtained for the negative control serum was subtracted from the value for the test plasma. RESULTS method. After exclusion of the three negative specimens comparison of the remaining results by the two procedures gave a significant correlation (r = 0.9771; P < 0. (01) (Fig. I) . Application of a paired t test to the two sets of values indicated that there was no significant difference between results obtained by the two methods.
Linearity
A series of aqueous paracetamol standards subjected to the colorimetric procedure confirmed the claim (Glynn and Kendal, 1975 ) that the method was linear up to a concentration of 3308 /Lmol/I of paracetamol (Fig. 2) .
Serum blank
When analysing plasmas containing no paracetamol the colorimetric method gave apparent paracetamol values which varied between 20 and 86 fLmol/1. Horse serum (Equitrol) gave similar values when put through the analysis.
Comparison of methods
Twenty-seven specimens from patients were subjected to estimation by both procedures, and of these three proved negative by both methods. In two other cases paracetamol was not detected by the : differential spectrophotometry procedure, but results of 7 and 60 fLmol/1 were obtained by the colorimetric
Precision
Horse serum containing paracetamol and subjected to the colorimetric estimation procedure in 20 separate batches was found to give a mean result of 588 fLmol/1 with a standard deviation of 22 fLmol/1 (C.V. = 3.7%),
' . 
Recovery
Over 20 batches the mean recovery for paracetamol added to horse serum at a level of 662 /Lmol/I was 98.2 %, with a range of 95-102.5 %.
Interfering agents
No significant interference was observed in the colorimetric method when solutions of the fol1owing drugs were submitted to the procedure: chlorpropamide, dihydrocodeine tartrate, glibenclamide, metronidazole, oxyphenbutazone, phenylbutazone, tolazamide, tolbutamide.
One patient who had ingested a variety of drugs including paracetamol and oxyphenbutazone exhibited a plasma paracetamol level of 483 /Lmol/I by the colorimetric procedure, whereas the differential absorbance method would have produced a result of 1350/Lmol/1 had examination of the spectrophotometer trace not revealed some anomalous features (Wiener et al., 1976) . A second patient having a plasma paracetamol level of 60 /Lmo]/I by the colorimetric method also exhibited a spectrophotometer trace similar to that seen with oxyphenbutazone or phenylbutazone. This would have produced an apparent paracetamol result of 635 /Lmol/\. Unfortunately in this case it was not possible to determine exactly which drugs had been ingested.
Some sulphonamide preparations when subjected to the colorimetric procedure produced a yellow colour which interfered in the paracetamol estimation. Of those tested, sulphathiazole produced the greatest interference, with a decrease in the order sulphadimidine, sulphasalazine, sulphafurazole. However, these observations were made at sulphonamide concentrations far in excess of those likely to be encountered in the plasma of patients on sulphonamide therapy, since the solutions were prepared by suspending a crushed 500 mg tablet of the compound in 50 ml of water.
The popular antibacterial preparations containing trimethoprim and sulphamethoxazole (Septrin, Bactrim) did not produce any significant interference in the estimation.
No problems were encountered in the analysis of moderately haernolysed specimens by the colorimetric method. Similarly, jaundiced specimens produced no serious errors. A plasma with a bilirubin concentration of 500 /Lmol/I, obtained from a patient not taking paracetamol, gave an apparent paracetamol value of 33 /Lmol!\. A second specimen from another patient with a plasma bilirubin concentration of 120 /Lmol/I showed no detectable paracetamo\' Two very turbid specimens gave results of 20/Lmol/I.
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DISCUSSION
The colorimetric method is not as sensitive as the spectrophotometric method in terms of the absorbance reading produced by a solution with a given paracetamol concentration. On this basis the spectrophotometric method is approximately three and a half times more sensitive than the colorimetric method. However, the measurement of plasma paracetamol concentration in the routine clinical chemistry laboratory is usually for the purpose of establishing whether or not toxicity is likely in cases of overdosage and whether treatment is indicated. Hence the area of interest is centred round quite high plasma concentrations, and the method of estimation need not have the same degree of sensitivity as that required for the measurement of therapeutic levels.
In spite of the poorer sensitivity of the colorimetric method results obtained by the two procedures correlated quite wel1, and there appeared to be no consistent discrepancy between the two methods. This latter observation is at variance with the finding of Martin and Powell (1976) , who noticed significantly lower values for plasma paracetamol estimated by the colorimetric method compared with the spectrophotometric procedure.
The colorimetric method, as initially described by Glynn and Kendal (1975) involved simply decanting the supernatant from the protein precipitate. The authors did not make it clear whether they recommended treating the standard similarly; but if this were done, it would result in the decanting of a larger volume of liquid from the standard, since there would be no protein precipitate to act as an absorbent, retaining some liquid. This would tend to produce low results for plasma when compared with the standard and could have accounted for the finding of Martin and Powell if they used this technique. Therefore it seemed better to withdraw a fixed volume of liquid from each tube, and this procedure was adopted routinely. The other modification applied in this study was the use of a serum blank, which perhaps could be considered to be negligible at high plasma paracetamol concentrations. However, it was felt to have theoretical justification and was therefore also adopted routinely, providing some degree of reagent quality control. The use of boiling tubes for the second stage of the estimation was necessary to avoid loss of liquid due to frothing on addition of the sulphamic acid.
The precision and recovery shown by the colorimetric method when performed with the above modifications are acceptable for the measurement of plasma paracetamol at levels encountered in overdosage, as is the accuracy, judged by comparison with the differential absorbance method. Moreover the colorimetric method has the obvious advantages of speed and simplicity, requiring only two sets of tubes and no solvent extraction, the entire process being carried out in an aqueous medium. With the modifications the complete estimation takes rather longer than the 5-10 min. originally claimed by Glynn and Kendal (1975) , but the estimation is still relatively quick, taking approximately 20 min.
Freedom from interference is another useful feature of the colorimetric method. The drugs tested in the present study extend the list of non-interfering drugs supplied by Glynn and Kendal (1975) , which includes amphetamine, diazepam, diphenylhydantoin, imipramine, nitrazepam, pentobarbitone, and salicylate. It has some advantage over the differential absorbance method in that oxyphenbutazone and phenylbutazone do not interfere, whereas they do in the latter procedure. The potential interference by some sulphonamide preparations in the colorimetric method is unlikely to present great problems at therapeutic levels of sulphonamide but could result in significant interference if an overdose had been ingested. Salicylamide and phenacetin also interfere (Chafetz et al., 1971) , but salicylamide does not appear to be in common use, and the effect of phenacetin is said to be quite small. In addition haemolysis, jaundice, and turbidity do not introduce serious errors into the estimation.
The use of a good quality instrument for measuring the extinction of the final solution at 430 nm is to be recommended, since it was found during the testing of drug preparations at high concentration that an instrument with a band width of 20 nm resulted in greater interference than did the SP 600, which has a band width not greater than 10 nm and probably nearer to 3 nm.
Very recently Winthrop Laboratories (Surbiton upon Thames, Surrey, England) have announced the marketing of an assay kit based on this colorimetric method and capable of being carried out at the bedside. However, it is only semiquantitative, the final colour being compared with a colour transparency which is provided in the kit.
In conclusion, the colorimetric method performed as described in this paper is considered to be a satisfactory alternative to the differential absorbance method for the measurement of plasma paracetamol in cases of suspected overdose. It compares favourably in terms of accuracy and precision and does not appear to be particularly susceptible to interference from other drugs. It is quick and easy to perform.
